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INTRODUCTION
In a series of recent papers, Hidalgo et al. (2007) and Hidalgo and Hausmann (2009) explain economic development as a process of learning how to produce (and export) more complex products.
1 Using network theory methods, they show that the development path of a country is determined by its capacity to accumulate the capabilities that are required to produce varied and, in particular, more sophisticated goods. Therefore, the overall complexity of a country's productive structure is the key variable in order to explain growth and development: countries' different abilities to accumulate capabilities explain differences in their performance.
In this theory of capabilities, economic development is not only a process of continuously improving upon the production of the same set of goods, but more importantly, a process that requires acquiring more complex sets of capabilities to move towards new activities associated with higher levels of productivity. Capabilities are the set of human and physical capital, the legal system, institutions, etc. that are needed to produce a product (hence, they are productspecific, not just a set of amorphous factor inputs); at the firm level, they are the "know-how" or working practices held collectively by the group of individuals comprising the firm. 2 The complexity of a product is a function of the capabilities it requires, while the complexity of a country is given by the number of locally available capabilities. These capabilities are not defined a priori, but are inferred through the network of countries and the products they export.
This literature in effect implies that development is slow for countries with productive structures geared towards low-productivity and low-wage activities, producing mostly lowvalued commodities or agricultural products. Development is fast, on the other hand, for countries with productive structures geared towards high-productivity and high-wage activities.
The newly developed product space of Hidalgo et al. (2007) encapsulates these ideas.
The product space is a representation of all products exported in the world, where products are linked based on the similarity of their required capabilities-for example, the link between shirts and pants is stronger than that between shirts and iPods. One implication of the product space is that the lack of connectedness between the products in the periphery (low-productivity products) and in the core (high-productivity products) explains the difficulty of poor countries to converge to the income level of the rich countries.
Hausmann , Hwang, and Rodik (2007) suggested two simple empirical measures of product and economic complexity (or sophistication). The complexity of a product, PRODY, is represented by the income level associated with that product, and it is calculated as a weighted average of the income per capita of the countries that export the said product. The weight is the index of revealed comparative advantage. 3 Economic (or country) complexity, EXPY, represents the productivity level associated with a country's export basket, and it is calculated as a weighted average (where the weight is the share of the product in the country's export basket) of the complexity of the products exported by the country. 4 Hausmann , Hwang, and Rodik (2007) showed that not all products have the same consequences for economic development: there are products whose capabilities can be easily redeployed into the production and export of other products (which facilitates development), while there are other products that embody capabilities that can hardly be used for the production of other goods. They also showed that rich countries 3 The weight is the ratio of the share of the product in a country's export basket to the aggregate of all shares across all countries exporting the product. Algebraically: 
where xval ci is the value of country c's export of commodity i and GDPpc c is country c's per capita GDP. PRODY is measured in 2005 PPP$. PRODY provides a measure of the income content of a product and is not therefore an engineering notion. export rich-country products, and that the measure of economic complexity (EXPY) is a good predictor of future growth.
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PRODY and EXPY include information on income (income per capita of the countries that export the product), as well as information about the network structure of countries and the products they export (the weights). Hidalgo and Hausmann (2009) have improved them by separating the information on income from the information on the network structure of countries and the products they export. In doing so, they addressed the criticism that using income information in the computation of the measures makes the conclusion "rich countries export richcountry products" circular (Hidalgo 2009 ). To provide an intuition of how complexity is measured in the new method, Hidalgo and Hausmann (2009) used the Lego models as an analogy. Suppose we have a Lego bucket (representing a country) with various kinds of Lego pieces (representing the capabilities available in the country). The different Lego models that we can build (i.e., different products) depend on the kind, diversity, and exclusiveness of the Lego pieces that we have in a bucket. We can build more complex Lego models if we have the necessary Lego pieces, i.e., the Lego model we can build is limited by the Lego pieces we have.
A Lego bucket that contains pieces that can only build a bicycle, most likely does not contain the pieces to create an airplane model. However, a Lego bucket that contains pieces that can build an airplane model may also have the necessary pieces needed to build a bicycle model. Moreover, two Lego buckets may be capable of building the same number of models, but the models that the first bucket can build may be entirely different from those that the second bucket can build.
Hence, determining the complexity of an economy by looking at the products it produces amounts to determining the "diversity and exclusivity" of the pieces in a Lego bucket by simply looking at the Lego models it can build.
The rest of the paper expands Hidalgo and Hausmann's (2009) empirical analysis and is organized as follows. Section 2 explains Hidalgo and Hausmann's (2009) methods of reflections, their measures of complexity, and ranks 5,107 products and 124 countries. Section 3 presents summary statistics of the measures of product complexity and our findings on how the export 5 A very similar measure of product sophistication was developed by Lall, Weiss, and Zhang (2006) . Their sophistication index differs from PRODY in that it uses the export share of a country in total world exports of the product as weights, instead of the ratio of the share of the product in a country's export basket to the sum of all shares across all countries exporting the product.
shares of products of different complexity change with income per capita. While Hidalgo and Hausmann (2009) thoroughly discussed the relationship between economic complexity and income, they did not elaborate on the relationship between product complexity and income. In section 4 we revisit the concept of complex products and systems (CoPS) developed by Hobday (1998) and Hobday, Rush, and Tidd (2000) . Section 5 concludes the paper.
MEASURING COMPLEXITY
In this paper, we use the method of reflections developed by Hidalgo and Hausmann (2009) to construct measures of product and economic complexity. This method looks at trade data as a network connecting two mutually exclusive sets-the set of countries and the set of products that they export with revealed comparative advantage. To make their method operational, Hidalgo and Hausmann (2009) define diversification as the number of products that a country exports with revealed comparative advantage (in the Lego analogy, this is represented by the number of models a Lego bucket can create), and ubiquity as the number of countries that export the product with revealed comparative advantage (and this is represented by the exclusivity of the Lego pieces in the bucket). Diversification and ubiquity are the simplest measures of complexity of a country and a product, respectively. A country that produces more goods (more diversified) is more complex than a country that exports fewer goods (less diversified); a product that is produced by fewer countries (less ubiquitous) is more complex than a product that is exported by more countries (more ubiquitous). The intuition behind this is that a country can produce/export a particular product if it possesses the necessary and specific capabilities (labor skills, institutions, machinery, public inputs, tradable inputs, etc.). Thus, a more diversified country has more capabilities. Similarly, a product that is less ubiquitous requires more exclusive capabilities. Complexity, therefore, is associated with the set of capabilities required by a product (product complexity) or with the set of capabilities that are available to an economy (economic complexity).
Diversification and ubiquity are computed as follows:
where c denotes the country, p the product, and M cp =1 if country c exports product p with revealed comparative advantage 6 and M cp =0, otherwise. 7 As can be seen, these measures only include information about the network structure of countries and products.
The method of reflections consists in calculating jointly and iteratively the average value of the measure computed in the preceding iteration, starting with a measure of a country's diversification (1) and a product's ubiquity (2). The succeeding iterations of the method of reflections refine the measures of complexity by taking into account the information from the previous iterations. These are given by:
6 The index of revealed comparative advantage is the ratio of the export share of a given product in the country's export basket to the same share at worldwide level (Balassa 1965) . Algebraically:
7 Hulst, Mulder, and Soete (1987) developed a measure of technical competitiveness called the "revealed technological advantage" (RTA) index. The RTA is computed the same way as the revealed comparative advantage (RCA) index, but uses patent shares instead of export shares. They showed that the two are strongly correlated: a country with a relatively strong technological position also has a relatively strong trade position. The RTA, however, has the disadvantage that it requires patent data that may not be available for many countries. Moreover, analyses using RTA are done at the industry level.
where n corresponds to the number of iterations. Equations (3) and (4) are iterated until no additional information can be derived from the previous iteration, and this happens at n when the relative rankings of the values estimated using (3) and (4) in the n+1 iteration do not vary. For each country, the even-numbered iterations (k c,0 , k c,2 , k c,4 ,…) yield generalized measures of diversification, and the odd-numbered iterations (k c,1 , k c,3 , k c,5 ,…) yield generalized measures of the ubiquity of exports. On the other hand, for each product, the even-numbered iterations (k p,0 , k p,2 , k p,4 ,…) are related to the product's ubiquity and the ubiquity of related products, and the odd-numbered iterations (k p,1 , k p,3 , k p,5 ,….) are related to the diversification of the countries that export the product.
As the number of iterations of equations (3) and (4) increases, the resulting indicators converge to their means. Hence, we only need to look at the relative values of these indicators for a sufficient number of iterations, after which the ranking of these variables remain relatively unchanged, i.e., at the point where the method has already extracted all information it could. In this paper, we use k c,16 as our measure of economic complexity and k p,17 as our measure of product complexity (see Hidalgo and Hausmann [2009] and Hidalgo [2009] for more details).
We calculate the complexity measures using trade data from the Harmonized System (HS) six-digit level classification, comprising 5,107 products for 124 countries.
8 Export values
were calculated using the records of the importing countries under the assumption that data from importers is more accurate. We also deflated the prices of selected products that have shown significant price changes during the period of analysis. 9 The indicators we use are averages for the period 2001-07.
To illustrate how the method works, let us look at how it determines the complexity of the productive structure of two countries, Canada and Vietnam, by looking at the results of the first two iterations, starting with diversification (k c,0 ) and ubiquity (k p,0 ). A discussion of our main findings is provided in section 3. This is complemented by the information in appendixes A, B, C, D, and E. Appendix A lists the 100 most complex products and Appendix B the 100 least complex products. Appendix C ranks the 124 countries according to economic complexity and appendixes D and E show the ten most complex and ten least complex economies and their major exports.
PRODUCT COMPLEXITY AND ECONOMIC DEVELOPMENT
In this section we summarize the major findings that result from the application of the method of reflections to our product and country data base. We infer some observations on the characteristics of the ten most complex and ten least complex products and then generalize our observations (section 3.1). We also look at the distribution of export shares across the product complexity scale for each country and analyze how export shares of products of different complexity vary with income per capita (section 3.2). Tables 2 and 3 show the ten most and the ten least complex products. For each product, the table also shows the top five exporters, the corresponding revealed comparative advantage (RCA) index, and the share in total world exports. Two observations can be made regarding the complexity across product categories and the income level of the major exporters of products of different complexity. Notes: "nes"-not elsewhere specified. *Share of exports in total world exports.
The Most and Least Complex Products and Their Major Exporters
First, regarding the product categories and their complexity, the ten most complex products belong to machinery, chemicals, and metal products; whereas the least complex products are mostly raw materials and commodities, wood, textile, and agricultural products. To determine whether the same pattern of complexity remains across the 5,107 products, we aggregated all commodities into fifteen groups, corresponding to sectors in the HS classification system. We calculated the average complexity of each group and ranked all fifteen groups. Figure 1 shows the ranking of the fifteen HS groups, from the most complex (chemicals) to the least complex (footwear/headgear). The figure also shows the distributions of products in each HS group by complexity. Figure 1 is consistent with the product space literature (Hidalgo et al. 2007 ). In the product space, the more sophisticated products such as metals, machinery, and chemicals are located in the densely connected core, whereas the less sophisticated products, such as agricultural and forest products, raw materials, and petroleum, can be found in the less connected periphery. In figure 1, chemicals and allied industries, machinery/electrical, plastics/rubbers, metal products, and transportation are the most complex products. Their distributions show that the complexity of the majority of the products in these groups is above the average (i.e., to the right of the vertical bar). On the other hand, the least complex product groups are footwear/headgear, textiles, vegetable products, raw hides, skins, leathers and furs, foodstuffs, and animal and animal products. These are the same product groups found in the periphery of the product space. The complexity level of the majority of the products in these groups is below the average complexity (i.e., to the left of the vertical bar). Second, tables 2 and 3 show the contrast in income levels of the major exporters of products of different complexity. The major exporters of the ten most complex products are high-income countries, while the major exporters of the ten least complex products are low-to middle-income countries. For instance, the top five exporters of "cumene"-the most complex product, used as a raw material for other chemicals and used in the manufacture of rubber, iron and steel, and pulp and paper 11 -are the Netherlands, the United States, Japan, Germany, and the UK, with an average income per capita of about PPP$34,000. In contrast, the average per capita income of the top five exporters of "sawlogs and veneer logs"-the least complex product-is about PPP$10,000. Figure 2 provides a generalization of this observation, i.e., the positive relationship between income level (weighted average income of countries exporting each commodity) and product complexity. 12 This implies that richer countries are the major exporters 11 Australian Government, Department of the Environment, Water, Heritage, and the Arts, National Pollutant Inventory. Available at: http://www.npi.gov.au/substances/cumene/index.html. 12 Income per capita is weighted using the export share of a country in total world exports of the product.
of the more complex products while the poorer countries are the major exporters of the less complex products. Note: Countries with population less than 2 million were excluded. *Weighted using shares in total total world exports of the product.
How Do Export Shares Vary with Income for Different Levels of Product Complexity?
Figure 3 shows the histograms of the export shares of the 5,107 products against the product complexity scale for the ten most and the ten least complex countries. The figure shows that the export baskets of the ten most complex countries are characterized by high shares of complex products (i.e., exports are concentrated to the right of the vertical line, the mean); while the export baskets of the ten least complex countries are characterized by high shares of products of low complexity (i.e., exports are concentrated to the right of the vertical line, the mean). (1) Japan (2) This finding can be generalized by testing for all 124 countries whether a country's export is biased towards the more complex or the less complex goods. That is, we test whether the distributions of the export shares (along the product complexity scale) are normal. The hypothesis of normality is rejected for most countries. Table 4 shows the countries whose distribution are negatively skewed (i.e., towards more complex products) and those whose distributions are positively skewed (i.e., towards less complex products). With the exception of a few cases, the export shares of more complex products are higher for the higher income countries; likewise, the export shares of less complex products are higher for the lower income countries. Figure 4 shows the negative relationship between the measure of skewness and GDP per capita: countries whose distribution is skewed to the right have lower income per capita and vice versa. 13 Table 5 provides a summary of how the estimated share elasticities are distributed across the 15 HS groups. Positive share elasticities are distributed across all the HS groups, although the proportion is higher for the most complex groups (chemicals to wood products). Negative and statistically insignificant share elasticities are also distributed across all HS groups, but the proportion is higher for the less complex groups (except foodstuff and footwear/headgear). Next, we determine: (a) where these products lie in the product complexity scale; and (b) how b i varies with product complexity, conditional on whether b i >0, b i <0, or b i =0. Figure 5 plots the estimated share elasticities b i against the standardized product complexity index. Three observations can be made: 13 We set the significance level at 10%. These results imply that export shares increase with income per capita for the more complex products while export shares decrease with income for the less complex products. In figure 6 , we divide the 5,107 products into terciles according to their complexity and study the relationship with income per capita. The figure shows the export shares of the 5,107 products divided into three complexity levels. Each country's export share of each tercile is plotted against income per capita. The data shows that poorer countries have higher export shares than richer countries of the least complex products, and that richer countries have higher export shares than poorer countries of the most complex products. Finally, export shares of the midlevel complex products increase with income per capita up to about $25,671, and then decrease.
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Figure 6. Export Shares and Income per Capita
Hobday, Rush, and Bessant (2004), using interviews, concluded that South Korea is still far from the technological frontier. While it is true that some Korean companies have made very important advances in electronics, they are not manufacturing and exporting the most advanced 14 We also divided each HS group into terciles and found that: (i) in the bottom tercile, export shares decrease with GDP per capita for metals and for the less complex HS groups, from stone/glass to footwear/headgear; (ii) in the middle tercile, export shares increase with GDP per capita up to a point and then decline for machinery/electrical, plastics/rubbers, metals, and wood products; and (iii) in the top tercile, export shares increase with GDP per capita for raw hides, etc., wood products, and the most complex HS groups, from chemicals to miscellaneous products. products. Appendix C shows that Korea ranks number 21 in complexity. This is certainly high for world standards, but below most advanced countries. Among the Asian counties (other than Japan), the most complex economy is Singapore, ranked 19th, followed by Korea. Malaysia ranks 38th, India, 49th, and China, 50th. Figure 3 showed that the export baskets of the most complex countries have high shares of complex products. This finding was generalized in table 4. Table 6 shows the export shares in each country's total exports, divided by complexity level, for a group of Asian and developed countries. The export structures of the most complex economies-Japan, Germany, the United States, and France-contain high shares of highly complex products (levels 1 and 2), reaching almost two-thirds of total exports in the case of Germany. Singapore and Korea also produce highly complex products, but the shares of levels 1 and 2 are lower (29% for Singapore and 37% for Korea). Although more than one-fourth of Singapore's and Korea's exports are already complex products, the bulk of their exports are still of mid-level complexity (levels 3 and 4). As the classification gets thinner, it becomes obvious that the most complex products are exported by the most advanced countries. For example, the top 100 most complex products represent at least 7% of the exports of Japan, Germany, and the United States, but only 1.47% for Singapore and 2.31% for Korea. Note: 1 is the most complex and 6 the least. Top 100 refers to the top most complex products.
THE METHOD OF REFLECTIONS AND COPS
In another strand of the complexity literature, Hobday (1998) reflects "the number of customized components, the breadth of knowledge and skills required, and the degree of new knowledge involved in production" (Hobday 1998: 690) . CoPS are "a subset of capital goods: the high technology capital goods which underpin the provision of services and manufacturing-the 'technological backbone' of the modern economy" (Hobday 2000: 794) . They are often produced under imperfectly competitive market structures.
This notion of complexity, while not the same as that of Hidalgo and Hausmann (2009),
is not entirely different. Obviously, "the number of customized components, the breadth of knowledge and skills required, and the degree of new knowledge involved in production" are part of the capability set required to produce/export a product. However, while Hobday's definition of complexity is intuitive and the candidate examples of CoPS are certainly informative and make sense, it poses some empirical problems. First, while Hobday defines a priori the products that are complex based on how they seem to fit his definition, Hidalgo and Hausmann (2009) determine empirically whether a product is complex or not. Moreover, many of the products that Hobday defines as complex are not sold in standard markets and hence, they are not in the statistics, especially the trade statistics (e.g., space stations). Also, take a product like a dam. A dam is the result of assembling millions of products and components that result in such gigantic structure. But many of these products and components are certainly not complex, e.g., bricks and mortar. What makes a dam a complex structure is that it needs some very special materials, its cost, and the very specialized knowledge to put it all together so that it retains millions of gallons of water and releases it whenever required. An additional problem is that it is very difficult to come up with empirical measures of the pieces (e.g., breadth of knowledge) that identify what a complex product is.
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Despite these potential problems, Acha et al. (2004) Acha et al. (2004) To what extent does the method of reflections capture the concept of CoPS as conceptualized by Hobday (1998 and 2000) and classified by Acha et al. (2004) ? To answer this question, we identified the products in the HS six-digit level list that correspond to CoPS industries. This resulted in 742 out of the 5,107 (15%) products that matched the CoPS. By HS group, these products are distributed as follows: 509 in machinery/electrical; 170 in miscellaneous; 57 in transportation; and 6 in metals (table 8). Note that these HS groups, with chemicals and plastics/rubbers, are those that have the highest average complexity (figure 1). In terms of complexity (divided into terciles), 490 are in the most complex product group; 222 in the middle one; and only 30 belong to the least complex group. These observations show conformity, albeit not perfect, between the concept of CoPS and the methods of reflections. Moreover, the method of reflections can distinguish between more and less complex products within each CoPS industry. We show two examples in tables 8 and 9. First, within "manufacture of weapons and ammunition" (SIC 2960), the method of reflections places "tanks and other armored fighting vehicles" in the top tercile, and "air gun pellets, parts of shotgun cartridges" in the middle tercile. Second, within "building and repairing of ships" (SIC 3511), tankers, cruise ships, and warships are placed among the most complex products, while inflatable rafts and tugs and pusher crafts are placed among the least complex. This illustrates the ability of the method of reflections to discriminate between products that require more complex capabilities and those that require simple capabilities within the same CoPS industry. product, that is, the number of countries that export the product with comparative advantage, while country complexity is the degree of diversification of the export basket, that is, the number of products that a country exports with comparative advantage. The most complex products are in machinery, chemicals, and metals, while the least complex products are raw materials and commodities, wood, textiles, and agricultural products. The most complex economies in the world are Japan, Germany, and Sweden, and the least complex Cambodia, Papua New Guinea, and Nigeria
We find that export shares of products of different complexity vary with income per capita: export shares of the most complex products increase with income, while the export share of the less complex products decrease with income. Also, the sensitivity of export shares to income per capita increases the farther the complexity level of the product is from the average level of complexity.
The significance of the complexity of the productive structure of an economy for development suggests the need to implement policies that foster the accumulation of capabilities and promote the development of new more complex products, i.e., diversify. A more complex productive structure enables countries to engage in high-productivity activities that lead to faster development. Policymakers need to understand that not all products carry the same consequences for development, and that the efforts to produce and export more complex products pay off.
Once a country is able to establish a foothold in a product, Hwang (2006) shows that there is rapid unconditional convergence in unit values (a proxy for quality) across countries. The problem that poor countries face is that the range of products that they produce is very limited and the goods that they produce see limited convergence.
Finally, we find a high degree of concordance between the products considered as CoPS by Hobday (1998), Hobday, Rush, and Tidd (2000) , and Acha et al. (2004) and our measure of product complexity. We have also shown that the method of reflections can distinguish between products that require more complex capabilities and products that require simpler capabilities within the same CoPS industry. Notes: "nes"-not elsewhere specified *Product complexity ranking
Appendix A. List of 100 Most Complex Products
